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MANUFACTURE OF SOLID -ST A^riM AGE SENSOR 
5-183184 (A) (43) 23.7.1993 (19) JP 

Appl. No. 3-345652 (22) 26.12.1991 
FUJITSU LTD (72) SEIICHI SUZUKI 
Int. CI 5 . H01L31/10,H01L27/146 



PURPOSE: To improve a sensitivity of visible rays in the long wavelength band neighboring 
infrared rays without increasing the areas of pixels, by forming the semiconductor layer 
having the opposite conduction type to a semiconductor substrate having one conduction 
type in the place parted deeply from the surface of the substrate, and by making the semicon- 
ductor layer having the one conduction type left thereon which is expected to be a photoelec- 
tric region, and further, by forming the semiconductor layer having the one conduction type 
deeply. 

CONSTITUTION: On one surface of a semiconductor substrate 1 having one conduction type, 
a semiconductor layer 5 having the opposite conduction type to the substrate 1 is formed 
in the place parted deeply from the surface layer part of the substrate 1, by doping an im- 
purity having the opposite conduction type with the acceleration energy ranging from 500KeV 
to lOMeV. In this case, a semiconductor layer la having the one conduction type, which 
is expected to be a photoelectric region, is forced to be left on the layer 5. Further, on the 
periphery of the photoelectric region of the semiconductor layer la having the one conduction 
type, the impurity having the opposite conduction type is doped, and by activating it, a diffu- 
sion region 4 having the opposite conduction type is formed. Thereby, the semiconductor 
layer la having the one conduction type is made deep. When projecting on the photoelectric 
region the visible rays of the wavelength ranging from 400nm to 700nm, the much electric 
charge generated by the incident rays of the long wavelength band neighboring infrared 
rays, which penetrate deeply the photoelectric region, is accumulated. Thereby, the sensitivity 
of a solid-state image sensor in the long wavelength band can be improved. 
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5: p-type semiconductor layer, i: p-type impurity, 
semiconductor region (surface layer part) 



(54) SEMICONDUCTOR PHOTOELECTRIC CONVERTER 

(11) 5-183185 (A) (43) 23.7.1993 (19) JP 

(21) Appl. No. 3-346605 (22) 27.12.1991 

(71) FUJITSU LTD (72) HARUHIKO TABUCHI 

(51) Int. CI 5 . H01L31/10,G02B6/12,H01L31/0232 



PURPOSE: To improve a photon receiving efficiency of a semiconductor photoelec- 
tric converter, by enabling a propagative light to converge on a light absorbing 
layer effectively even when so using thick light guiding layers as to improve 
the coupling efficiency of the converter to an optical fiber, and by reducing 
the propagative light passed through the light guiding layers straightly. 

CONSTITUTION: In a semiconductor photoelectric converter, an n-type light 
guiding layer 22, a non-doped n-type light absorbing layer 23, and a p-type 
light guiding layer 24 are provided, which are laminated in succession on an 
n-type semiconductor substrate. 21 and from the direction parallel with whose 
junctions a light is projected on the converter. The respective refractivities 
of the light guiding layers 22, 24 are made maximum on the sides neighboring 
the light absorbing layer 23, and both of them are so distributed as to become 
small as going away therefrom. 




(54) PHOTOTRANSISTOR 

(11) 5-183186 (A) (43) 23.7.1993 (19) JP 

(21) Appl. No. 4-495 (22) 7.1.1992 
(71) SHARP CORP (72) KENICHI NAGATA 
(51) Int. CI 5 . H01L31/10,H01L31/12 



PURPOSE: To provide a photo transistor having a good CMR characteristic, where- 
in no malfunction is generated by a displacement current when using it as 
the photodetector of a photocoupler. 

CONSTITUTION: In a phototransistor, first and second guard ring layers 9, 25 
are provided along respective P-N junction parts 30, 35 of input stage and 
output stage transistors TR1, TR2, and the guard ring layers 9, 25 are connected 
electrically with an emitter electrode 24 of the output stage transistor TR2. 
Further, an emitter electrode 21 of the input stage transistor TR1 and a base 
electrode 23 of the output stage transistor TR2 are connected by a wiring layer 
22 provided above the guard ring layers 9, 25 via an insulation layer. 
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Tft>9, 

fig * Mog&(^lT^*[^^ ?> * ix5 — 

xiTft9, 

{£iEvMB!|-c*t>ift< JLogiPS-r^^otbTS< ft 5 J; 5 
[OOOl] 

[0002] ^fciiff^l^SH^Ti*. **<z>W 

[0 0 0 3] 

LTV^ 0 H^e>we>^ft«t r^gftiit 

[0 0 0 4] «f^S*g«3£H«-i^5li: £ w t 
CQ"C\ 20 [GHz] —30 [GHz] Srfflx.-5<t5* 



(2) #i¥5 - 1 8 3 1 8 5 
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[0 0 0 5] 3ttt«lft36H 1 t tt, S^ft^S* 

10 &>9, f£oT. ^*t&f»<^LftJtaxtfftfeftV^-T? 

5i-Lfttttif^ft^ftv\ 
[0 0 0 6] a^lalKt^aSCWJKiR^S*^*)^ 

eik. mi 8(^^^tts^-r^^^iii|ii^2^ 

[0007] Hi9 it^m?<Mm^^mmAMm<Dit 
20 mmwi:m&&mwir&&(Dmmmmx*& *> . h i 8 m 

tt-=ett^bTV>5o Ha>S>9§£>a>*J: 51-* r:^)<t5ft 

3fe8 tdSiS^-rs J:-5ft«dciftSo 
[0 0 0 8] ir^5T% ftgflKHfcJ:, #SBp p n£#Ix.f£ 

Hi, w^n**»«2&if«:>''y yhK^Mil 

[0 0 0 9] HI 2 0 J**:«K*36« P&igllS 
§§2 t*iffj»tt^HBKUfcttffi*RMi-SA©5iaB^ffi 
. ia-efc9, HI 8&T/H1 9 i-^V^TffiV^AcSa-^i:(^|B 

H^StbfcEIB*«n*tt, *1«IUv^^pK 

40 [0010] 021 te3te«&!fc3£K 1 ir^-f ^ PiftitiH 
«2 t^ffiigfcSrRMi-SA^SaJftiJffiH-C&f?. Hi 8 
Mi2 Oic:»v^Tfflv^fclB-g-^:lRIfB#ttlPlaJ^S^*i- 
^^iPi:t!ftS:»ot(OttSo HfciS^T. 9 

[001 i] H^03t«*«36B i ^®A#^^*:v^ 

«s«t?» ^>n/cia^ff ^-tt^Bftj^ e> st 9 tti * *t ^ i: 

50 Hi ^^-r^C2^1«*I^2 b<Dm*WtWttZ>^ 
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[0012] 0 2 2 te#««»»fi liW^ 

§§2 i^s^-r^ji^a^L^ffiB^^-r^^^^ 

**ffi0"Cfc!9x 01 87?/?g0 2 1 i^l^T^/cffi^t 

5f-. M^8H ir^-f ^nrjftif#BS2 tfc*B— ffi 
[0 0 13] -^tt^rH^i-Sf-^, HI 2 2 

[0 0 14] 0 2 3ttffi*©ais/^A*S¥Wflc*«^ 
»3£K«:8ftW*t-S«K©saj»ffiig-e*>5 0 0^i^T. 
1 1 tinM¥^ffS^. 1 2finIW KB, 1314 
J v K— ^ftRJKJB, 1 4 fi P Mfttf'f KJI, 15 fcfclfe 
3»fls:. 16«pffl!l«Si, 1 7ten«Bffi&**L«h,*L 

BH (buried heterostructur 
e) i^^ot^T, ^RlfcJll 3»<«r 

[0 0 15] 

[3BWaM¥*bJ:5t-r£BaB] 02 4 fc*0 2 3 tcjLfe 

B0t*fe^ 02 3^^:»v^Tfflv^fc|E■?•^:l^ffi-g-ttPg|5 
^**^*V^«PCje«cS:«Fofccoi:i-5 0 0i-5H^ 
(A) f«|g|5SJ»fraffiS:. (B) l4«Jr*5M&Sr* 
*ve;hJlLT^T, (B) T*J^ fEtt^/P*^*. * 

t\ i 8f^A*t^8i^eia-rse»^^^brv^s 0 
[ooi6] mfrbmbfrftx 5 ®sf¥^i^^7" 

^^i^^oTV^t, #V Kll 2&tM 4<£>JfflSr*a s 

ftRWJti 3 <D^mzM\,^m&^\^ #4 kii 2^t>* 

^Rifc/i I3i^ KJi 1 2 Xtf l 4 t <om<om9r^m 
£At< Ltmimtf4fcftv\ 
[0 0 17] 0^0J<£>#«3E»»Bt?«\ AJjtstb&A 

f4\ e»3fel 8ttft#t^-f KS*v 3te»MKJil 3to» 

[0018] ir-5T\ ^<^>*:«*»36fi^»v^Ttt, 
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<DJP££0. 04 [ M m) J^Ttati^Tt)il^2 
Urn] St^fcoT, *7r>T^^e>^a*3teS:ii5S6 

3te»iRJi i 3 migi-s - t * < lt l£ 5 ©i?, m 

[0 0 19] 0 2 5*40 2 3M12 4 dji, ^tbS^A; 

io mmiwmmx*& *> , 02 3^12 4j;i;»^tjiiv^ce 

t1"£ 0 0f-iH^T. 1 9te^yi^ffifcii3£LTV^t 
8^#«Eb#5«SH^e>^ixfcA4t*. 2 

0 fSai 5, >?g tc^ ft S: t> o rt: A*t# S: ^ti^tu^ LTV 1 * 

So 

[0020] 0^e>we>^ftj:5J-> r^^m^m^B 

Kll 2&IM 4Sr*<?g*Lfc(DT*S>S^ A»#; 

1 9 <^*as#f*3fc#>r Kill 2^1 4£:jgigLTL£ 
20 V\ fit^iJl, Alt* 2 0 f*RJWi£ttoT#R!K/i 1 3 £r 

[0 0 2 1] 3fc:7T>r^t ©*g^&**fiJL 

*-^S*{2iffV^^f>r Kl^V^ci^T^oTt), 

[0 0 2 2] 

[BIHS:l»ftt5fc«)^S] 01 f4**WlcHR53te« 
30 K»JS»^»«*rtSit*Rt5ft©3t«»«i 

Og«|5*tffi0T*$><5o 0^»V^T, 2 1ttna*ifl:S 

2 2«n»^Ki, 2 3K£/^K— ^ftRlR 
Jf % 2 4«pIWFi, 2 5tt|&3Rfr % 2 6t4p{|iJ 

[0023] r<z>3te«ssygBtt, 0^e>we>^j: 5 

3t«*t(afilti:RI«**J««:«orv^r. 9flB, BHi 

40 [0 0 2 4] (a) FIB 2 2 RXfi2 4<D$tfm. 

#*K/12 3^iei/^»T^«B*r*«:iS<f St* 

3feKiRS2 3(^JBtlf*f-Jt«brflii^ffi7?fcSi: 5 

[0 0 2 5] (b) %;7T<<(s<k<Dl&&i>m&'?ibZ> 
X KS 2 2X^2 4^rl?<rsr to 

[0 0 2 6] 0 2f4*«WtrftS*«^Jft»Ei-»W5 

50 01 (^^rffi^fc|B^tl^lB#f4^a^^^f ^ 



5 

*v^*ISJCfic**r«Fot)(^i:t* So HMft^T, (A) 
tem 1 i- JL b ix 5 K X - X td» o T9JBr L fcftfSrttyffi £ 
*U (B) ttl3C-<Hl^ftfettSj|ftY-Y^ 

tte»3fe 2 8 tfytmnzm 2 3 ^ratios^**^^ 

U (B) 

£r^LT^£ 0 ft, ¥*frSfc:;*tU (B) tlbix^ 

iSlftWfclfcflsS iirS r^tl^ i ~T 3 Jffl»f*5M& n Li 
[0 0 2 7] &<%}b*cx\,^Z> <fc 5t-. JfcttHSf 

(-a^tvS^m^^^^T^ ^:^>T K12 21 

ftt>ti& J: 5 i- **-e*>*>f*. Kg 2 

2*v^tt2 4Sr*iiD Uia^^otU 5 J: 
»*2 8 t>3te»iRJl2 3t;i|6j^or*3te*ixSJ:5fttt 

ffi-ee**^Siit^-es. j e^ig^*KiRS2 3^r 

■ 2 3Sr+'fr£U ^^SSWt) *t>oTAfrt-£ 

[0 0 2 8] iWELfc #*9§fcft5#«£ 
*S«^*H^«:, (l) — *«Sffc^4fe¥*»a&K 

^?<t^[^]^ # # Alt £ *t 

ft^f-r K« (WiiinM^V KB) J&xiyi/V-^ik 

^tt¥Wtt#«4XB (09*. tf/ ^ K-^KHXB 2 3) 

#W KB) i:SH»*.T*?K R#ft#>f KB<£>BSr*fe: 

[0029] (2) ##>r khk:»^sjb«*»*©» 

S:«M»4:-rs^ rt^fcfc* (3) 

— *ts:» W 5 JB8f *ds*»iRJB (-iff v MM-?* t> ft < Jlo 
[0 0 3 0] 

[fwn «rBB*a4:«Rsr tiztkVs ##-<r kb«:»< 



(4) 4$R|3p5_ 18 3 18 5 

6 

l^fcotk KSSrSRiit) 
LTiai^ftoTL* 5 J: 5 &e»#1>#KiKBfcfaj&» 

[0 0 3 1 ] 

10 S^-^JSWi LTR9H-£o 

[0 0 3 2] H^SixTV^S#|f|5^^B8t*S^*7 s — # 
Sr09^-f"5 t Hk(OM V T*&£ 0 

( 1 ) n S¥*fle*K 2 1 troi 
WW : I n P 

^*Mft»ft : 2 X 1 0 18 [cm" 3 ] 
J?£ : 1 0 0 [/i m) 

[0 0 3 3] (2) nMWKi2 2t^o^t 
WW : I n P^b I n G a A s P (jftgjd* 1 . 4 5 Cm 

m] irftSfi*) ^***2i*{t:f 

20 ^F^fifeSS : 1 X 1 0 18 [cnf 3 ] 

J¥S : 3. 5 Cm m] 
(3) / ^ K— ^SllRS 2 StUOV^T 

WW : I n G a A s 

ff£ : 1 [Mm] 
[0 0 3 4] (4) piWKi2 4^0^t 

WW: InGaAsP (jgtgi&S 1 . 4 5 [/xm] 

ffi/&) ^In P^**Kl*{bi- 5^***1* 

^*B*»ff : 1 X 1 0 18 [cm 3 ] 

ff S : 3. 5 Cm m] 
30 (5) ^^j*2 5 l^oVNt 

ww : #y-r ^ K 

[0 0 3 5] (6) pi$mM2 6&XfinW9M2 7 M 

WW : A u 

(7) 7h7-f/ - ^^i-OV^T 
#g : 10 Cm m] 
g£ : 1 0 0 Cm m] 

ft, yttfj K*2 2x^2 4^st^f^^i^^«)^:v^^i^ 

tf, InGaAsP|©«Mm Pt^ffl^c^l 
(JBJf*/h) -0 (JBSf**) fc«{fc*^:-5i4:-x*JB9f 

[0036] z<Dm—&i&m<Dftn£#mm&s mm^ 
#j«refc<9. KH2 2&o 5 2 4^ncs^jteKiiRB 

50 flESrSS^Sr irds-e^^o 
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[0 0 3 7] «*<7>«SIIWft*«SJft36H^»^Ttt, 
iStiSJ KJSOffS X 2 + ftRJRJg =JK2 [// 

[Mm] t»S>9, ttor, A«*t*Oil»-&ai*tt*:#< 
fr_L1-3 0 *fc. 3te#>f KS2 2S^2 4^fu!Eb*:J: 
5fc3. 5 C/im] (OffSfcJfeoTV^TtK A*«-5;A: 
ffi#^ft&ft»JfcJi2 3^9J3S*^Sr ir^^fe 

ftot^T, ba>t>, 3 0 [GHz] 

[0 0 3 8] bz?>X\ i2M^ti6 J: 

[0039] m*>, ntim\^tcm^'h^fcm~mmm^ 

m^X, A»*8lifiBtSfii3t2 8^?/^^^^} 
2 4 Um] l^ot, ^P.T^Ml2 3 

Sr««)9, £(^fift*5i:»7 2 [/xm] ^ 
oT, jfiP a -T?m*ft»iKJi2 3Sr«9IS»fPSri-So 
[0 0 4 0] ^©3fe«aEfft3SHJ-»WSl£«^«fi, ft 
BRJRJ12 3^*<. lo, ft#V KJ12 2Xtf3teRi&« 
2 Kf2 4T'M^tl5p i n 

dS/hSJt*u«j£<*t). rcop i ng^^?f(i, 

<, *«JRS2 3dSff^*btf/hS<*5 0 

[0 04 1] rcoj: 5i-> «K12 3<Z>ff£l£fcfc, r#i 

[0 04 2] Ld»tK #RlRJl2 3^i<f^ < l:M 

[0 0 4 3] m-HJS«t-»VNT, * h^-f X- *ih£> 

a*SrI8LTfi*S:2 0 0 Urn] k 
U *RlR«2 3C0ffSS: 1 . 5 U m] ^LTt- 

bfcefe*«srK^u, so cq) (Dma^m^tct 

-5, 2 0 [GHz] £A±©iKiS/E«Sr$ii:5^i:dS-e 

[0 0 4 4] *KJRJi2 30fl[*^l [j^m] Of^ 
S^b^tf, e**2 8dS*®iRJi2 3«:SE*c-|hI« 
3J££8 0 [%] £JUtfcufe£ 0 mjfB&^J{c:;^Tte, 
e»*2 8fi2 4 Um] Stii3fc:KJRS2 3 £r#4tf>f-#S 
£J£<Z>T?. ^h7^^-^t©SS^2 00 Urn] T? 
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[0 0 4 5] *^3t»KS2 3*SiS^«9]S 

oo [%] <^*^a*&»fifcLTVN5 0 ft, afi:aE«J-ett 

0 0 [^m] cOt^T^. &S<Z>»*(6T* bfc 3 0 
[GHz] «_t^>iSiiS/E«dS^rtB(c:*-5o 
[00 4 6] M 3 tt*»Wfc*^S*—||««**R-f 

[00 4 7] Ult^^T. (A) te«Sfffilffi£:*U 

(B) fcfc (A) t^B^iX^^Y-YtC^o^^Sf 

<«£») Sr^U 3 1AfiH*.anIInP^6 

ftSfiJB*f*^*fls«. 3 2Afi«MpIInP^b 
ftS(BJB»f*^*ffJB % 3 1 Bte«;ifcrJ¥S;&3 5 [n 
m] nl i n G a A s ^b^^SIW^f* 

20 3 2 B«ffl|x.tfl¥S^5 [nm] T?*5pIInG 

«x*u (b) -ete. «#wt¥*f«ifcif<0 

Sr*5Mfr n Li ££/&£^5^CDtV^*£r^bT^ 

6 D ft, tf^PCfaH^Sti/rv^ J: 5HH£BSr*¥ 

3 1 A*Vn« 3 2 A©*S lUfBS U ^ffSi&S 

BHr**iK< bfev^gB^-e^fSJBJf^WfleWS l 
30 A*l^f*3 2 A<9ff£«r«K % JSSf*^r{g;< b7^c 

V^^TttfiJBSf^^tfJiS 1 B^V^ti3 2B<Dm$ 

[0 0 4 8] ^<Z>J:5^bTffltlf*»**^S^irS» 
gi5f$^i3 1A^3 2A, ^U, ^®Sf 
^>H[{£Ji 31B^32B *tl^tb<Dm $ ^jSI© 1 / 
5 (VmmftXfflWirtU^ @3M^Si;9i^ 

[oo4 9] mzm>w\^fcm-nifcMiz.m^xi^ 

as x ®-||^l&«»J{^:»v^T«. ^^flcfeSOiBritttH^t; 
U (BBllf*¥*»H 3 l A (S^(i3 2A) ^igJSSf 
^*#13 1B »^3 2B) irSrSSStaiU 

***«3 1 A*^(^»S«:aEfbS^rS«W"e*< % ft 
JBSf**W<*S3 2A^iW^^i^J;9iaTt) 
W#<^ff*S:«J1Wf*SJ:5^bT 1 {)Av\ 

[0050] m-mmm^^mmm^comm^ 

50 (i N |g— Hlfe«?»J^(KS-?:*Li:J*«SEt*Si:. JB»f*^*^ 
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[0051] mA^^m^^^m^mm^mm^ 

ffi«:*U ^Lt, (B) }* (A) {-J^^>^^^Y-Y 

[0052] *mmw&m-nMwtmmT&&i*. m 

t»*fetfcftv^45pii n p^«j*S;h/rv^£ 
t-e&So ft, ^F«4b»ffif**-^J6Mi:rac< lxi 
0 18 [cm 3 ) T?fcS 0 r^ft«^»W6pSl*^>f K 

T, ; y K-/(0 I n PlMlt^b Z n ^« L 
[0 0 5 3] ST, rrT\ S*JnRWb^*-iafc« 

5 0 |g5^i*5SW•efflv^Sft^BfiES3e«(C>BBl5KW|gS: 

Alff, 3 3fii^f N 3 4f*^«t*SrJD«'rs^»J 
3 5 3 6liSfi*^?ii^tT^5o 

[0 0 5 4] r<^Mfflj*S^®(^^POt>CO"C3boT. 
KiCS 1 MXtfxmAV 3 2 ftt/^f^#J»# 34^1 
T, I n V — ^ • G a y— ^ • A s V— ^ 

• P V— ^ • K— h • ^O-^tb^H 

SrSUfl^aSA-rs ^tms J: 5 KftoX^X, 

JSSrflJ/BU i«3 6©SlA«i|fInGaAsPft 

[0 0 5 5] #3801 -Cfc^ I nG a A s P<^ffl/#£^t 
S J li:^^^*:^g B %^^fflLTV^§(^r^ ^<£>InGaA 

[00 5 6] ^ InGaAs PMi*tf5G a <7)i&£&£: 
xT\ -^LT, A s <£>iffi/&£;y X&fk'f&k* InG 
a A s P^Ga, I ru-* A s, P w <tSH~r k&X 

x = 0. 4 6 6 y/(l. 0 3-0. 0 3 y) 
[0 0 5 7] K • ^r-f • x^;l/^E 

E. (y) = 1. 3 5-0. 7 2 y + 0. 1 2 y 2 
[0 0 5 8] y &/h£ <"T6<b. G a, I n 

r 7 1c#^ fife*. Bgft6 3^ 
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[0 0 5 9] f£oT, xSi;ytJHBlt5-iT% BJf 

*asiitt«j k awfc-r 5 4r matt 5^i#T»i 

6 G £>Ku xfOtyft R/£^l (-B»AStu5 I n. 

g a , As. p^#y — • ^^tts^tffiffc;^*?^ 

[0 0 6 0] In. G a . As. PC0#y 

[0 0 6 1] H6 7Ir3i|gi 5tt«— Hlfc«Sri!{j&-rsx 
g^oV^T^t-6^^xmil^i-^W5^:«^^ 

osswoBrflJEia, mi 6Wii 7«y— ^ • 

ft. Hi 75^0 4 ^ftV^fflV^ffi-^tHlS-i-ttlPias^ 

20 [0 0 6 2] 16 JkXfm 1 6 #J© 
6- (1) 

ffi^5 0 [mm] . f$3 0 0 (/im) "C£>oT, n 
S! F—sO h i: USn Sr K-tV^Lt 2X10 
18 [cm 3 ] £ U *ffiSr«ffiffll»Ufc I n PS«2 1 S: 

[0 0 6 3] 6 - (2) 

hosier 3 i i^t^ b-r^o ft, ^ot, Heiab 

30 £ bTtt*r*&Sft^ffl*Sa (metalorgan 
ic chemical vapour depos.i 
t i on :MOCVD) ffiSrSffl-fSo 
[0 0 6 4] 6 - (3) 

In, Ga. As, P^#SCffiYb^*<0*^it*. t£o 
nP<l:45J;5^ ff^^ 3 . 5 [MnO'irfc 

o^fiii^i^Tte, ^y K • 3 s * ^y 0 • ^/^'e ( 

J&5«fi»# UE.) -ei. 4 5 [ M m] t*SJ:5l- 

40 ^tf5o 2 2<Dmmm\z.mirz>&y 

TH 2 S^»t§ 0 ft, KJi2 2SrnS!i2: 

tss^K-^yhi-fi^y ^y (si) «r/B^-c*>S: 

<, *:<D$&<D\?—/<lsY • tfXttiS iH^- f&&)X&> 
[0 0 6 5] B16 leifinM*^ K12 2 
T, (a) I* I n y— ^ • ^MlCPy- ^ • #X<D 

8E*^t4r, *3t, (b) liGay^'^tma 
50 s y— ^ • ^^jEi^YbSr^tt-eix^LTi/^o 
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[0 0 6 6] 6 - (4) 

y = 1 ©afiJctftSJ: 51- I n, Ga, As. P^ffli- 

(TM I : I n (CH 3 ) ,) , h V y r> A 

(TEG : G a (C 2 H 6 ) ,) „ TA-W (A s 
H 3 ) , ft77^> (PH.) ©flE4«:»J»L. J¥£/^ 

1 [/zm) ©I n'GaAs^bftSyyK-^KJRi 

2 3£rj£S£-#3 0 

[0 0 6 7] 6 - (5) 

In, Ga, As. P^*«ffi{k^ft<^*(^Jt*Sr»J» 
U 3tKflxB2 3 ib^lP-B^ftVNTtt, ^>-K-=¥*s/ 
^. rMvi^E.^jfiftftflL UE.) Tl. 4 5 [/i 
m] T*&£ InGaAsPtftSJ:?^ Sjfc. J?£^ 
5 C/zm] t^Sofc^ftffi{r:»V^T^4, y = 0. HP 
I nP.t*5<t5^x&t^ySriiJK«j^«iJ«ILT/ 
> K— y&JtJf-f Kg 2 4 <Oj*g*rfr 5 o 
[0 0 6 8] HI 7ldfcJ:3te#>r Kg 2 4 SrricSS-^SR 

(a) f£I nV— ^ • ^tWCPV- 7 • ^f^(Z>«E* 
^{fc£r, (b) ttGay-^-^tmsy 

T\ Eg X Eg 

Eg (W£ (eV) ) =1. 24/U, (Wi [/* 
m] ) 

-ei£{H£*L£ 0 ^<DJ; 5 t-bT, 02co (B) iJ:fie>*t 
£ J: 5 L 3 Atf B»f*»* n L, £ o¥i* 

6- (6) 

6 0 0 TO , B#BS:fi8 [«PBB] iLTZn^ifeft 
£rfiro X%134 KS 2 4 Sr p SftrT 5o 
[0 0 6 9] HI 7 #J$ 

7- (1) 

SCVD (chemical vapor depos 
i t i on) feZmmTZ^ tJdftO. «£09*.ii2O 
0 [n s] COS i 0 2 flH3 7*?g«t5o 

7- (2) 

S^tCSotl/^ MB 3 8S:^-t*So 
[0 0 7 0] U8 

8- (1) 

* h7-</01/^ MR 3 8^^-To 
[0 0 7 1] m 9 #]& 

9- (1) 

US i 0 2 HH3 7(PiS&W^:y^>:/&fToT*Il 0 
Cm m] CO^ h 74 -fb-t&o 
9- (2) 



(7) %fM¥-5 - 1 8 3 1 8 5 

12 

[0 0 7 2] |H l 0 

10- (1) 

0 2 g3 7 %^r7? t LTpI^V Kg 2 4co^ffi^ 

e>s«2 i ftizmt&ty- • x^fy^i^, 

[0 0 7 31 011 #83 

1 1 - (1) 

10 ^y^P • i: LTfl^fcS i 0 2 g3 7 SrRfc* 

1 1 - (2) 

7\f> ■ =1- hfeSriSifflf 7*f-«5$}^ 

[0 0 7 4] 012 $Jg 

12- (1) 

^t«P^iffi<0*!:85 7* h - 3 9 ^LT 

20 [00751013 #J$ 

13- (1) 

i ^ov^Tt^pJLfcp<i^^^ffi^^fc^y-f ^ k^ 

[0 0 7 6] 014 

14- (1) 

teft4 0^Ifi#Lfc^^N(C^^5*ce^^4 l_tM 

30 [00771015 #fiS 

15- (1) 

9. Au/Zn/Au^biSpiMi2 6WAuG 

1 5 - (2) 

2 0 0 [/z m] . ft£ 10 0 [ju m) y/i;it5 0 
[0 0 7 8] 

40 *:^P>g(^^^f*:*^^g^^ 
[0 0 7 9] mlsSlg^^ggS r t (-fife «9 , 3fc#>r KB* 

50 5(-tfc#&r*fcort>, 3te>sf^r ksst* 
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[01] *»W^*S*«*»»H^*»tSfl|j*IRaS: 

[0 3] *»Wt;:»WS!B— ll*S0!ISr«Ri-6^<O5te« 

[0 4] *»wjc:»^s»Hiiiftey*#R-r5»^*« 

So 

[0 6] ^-^W^r^}gi-5Xgt-oV>T^R-rS^ 

So 

(^X@^0f^^S*S^gB^^gl5§]»f#I®0T^ 

S 0 

[0 8] H16«ar«jSi-SXS^ov^T#Ri-S» 

So 

[0 9] JB-^at««:«Slrt-SXSlciov^T«PR-rs» 

oxaii0fj-»ws3feK^tfeKfi^sffla»fffijffiiaT?fc 

So 

[010] »-^^fi«9^:KJ&•rsxei^:ov^r*Bi-t-5 

^coxg^(c:^(tS^il;^gBcoiia5^)»f{IW0T* 

So 

[Bill ^-^iSiS0iJ*Kiti-5Ie{co^^•rfl?ti^-r5 

<&> So 

[Hi 2] ^-^^fiPJ^Mi§-r^xg}-o^^•rSfUi-rs 

fe So 

[013] JB-**««:«3lrt-«XSK:-3V^r»Bl-*-* 
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foS 0 

[mi 4] 8-ius«fc«^6isico^T»R-t-<5 

fcSo 

[Ell 5] *— **«fcSBt^5iefc:oVN-C*H&-*-5 

So 

[016] y— ^ • ^^c7)«a©j^(-o^TR0^*rs-^ 
io oit0r^So 

[017] y— * . i/^«i»(^^t^?etl>^ 

tf>j»0~T?£>So 

[018] =<t — v>b3fciSfB*rfi : 5»'&^fflv>5^9 
v^a3)fcg«»B*r*i-»»RWHtffcSo 

[019] *aBA«■a3i6v^^«ffiAltao*«aE»s^fi 

[02 0] *«**«fil i^-f^nSitB»2iSra[ 

^^SaBL^ffi^RP^i-S^O^gl5M®0-x:feSo 
[02 1] 3tl»gll i^-f^nttittt«2 

20 ttSrRwrs^^BasfliJffiia-efeSo 

[02 2] M^SHl £^>T^*jfciiMK*2<kS:« 

So 

[02 3] «<^X 5; ^S^i**!^^!^! 
[02 4] 02 3^e>ns*«^lfe36B*lftY-YlJ: 

»or«j*fbfc»^Rwig"t?a>So 

[02 5] 0 2 3Wi2 4{j:ae>tb5*«aE»3£Bi- 

30 T?feS 0 

[«Ff©B!B] 
2 1 nl^ftSft 
2 2 nl*^ Kl 
2 3 / V K— ^RiRJi 
2 4 p m3tiS4 KJB 
2 5 fefftft: 
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2 7 nffiOSH 
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